Purpose: To evaluate the usefulness of different types of nitinol baskets to capture, lift and hold the lens material, dropped during a complicated phacoemulsification, as an adjunctive surgical tool in vitreoretinal surgery and to evaluate the outcomes and complication of this new surgical technique in a small series of patients. Methods: Patients who underwent pars plana vitrectomy (PPV) for retained lens fragments operated during December 2014 and March 2015 at the Academic Medical Center (AMC), Amsterdam, were included in this study. The PPV was performed using different settings and types of nitinol stone extractors (NSE). Three different stone extractors were used for the above-mentioned purpose. Preoperative (pre-op) and postoperative (post-op) data including best corrected visual acuity at 6 months follow-up visit, intra-and postoperative complications were recorded. Results: Seven eyes of seven patients with a follow-up of 6 months were included in this study. All the vitrectomies were performed the same day of the complicated cataract extraction. Mean pre-op Snellen visual acuity was 20/160; mean post-op visual acuity was 20/32. No complications were encountered due to the use of the NSE intraocularly. No retinal breaks were observed due to traction of the catheter at the site of insertion or due to his movement in and out the vitreous cavity. Conclusion: The use of the nitinol lens cage seemed feasible and showed no complications in our small group of patients. It made easier the management of dropped nucleus without the need for a larger scleral opening also in case of very hard lens.
Introduction
In 0.1-1.5% of cases, cataract extraction is complicated by luxated lens material, also known as dropped nucleus (Leaming 1995; Pande & Dabbs 1996) . Dropped nucleus can lead to severe complications such as glaucoma or retinal detachment (Salam et al. 2005; Cohen et al. 2006; Ho & Zaman 2007; Merani et al. 2007; Ho et al. 2009) , and a surgical approach is indicated in most of the cases.
Since 1972 (Machemer et al. 1972 ), considerable advancement has been done in pars plana vitrectomy (PPV) instrumentation. The desire of smaller surgical incisions and instrumentation led, during these decades, to the introduction of the 20G (O'Malley & Heintz 1975) , 23G (Eckardt 2005) , 25 G (Fujii et al. 2002) and 27G (Oshima et al. 2010) systems. Small gauges (23, 25 and 27 ), compared to traditional 20-gauge PPV, permit decreased operative and healing times, faster recovery and reduced postoperative inflammation associated with scleral and conjunctival sutures (Eckardt 2005; Cohen et al. 2006; Kim et al. 2014) . Additionally, diminished conjunctival scarring may result in higher success rate for a patient's future filtering procedure. Unfortunately, small-gauge instrumentation does not allow an efficient removal of the hard lens material due to the inherent fluidics limitations of the small instrument's lumen making impossible to remove hard lens material or making it very time-consuming. So, in cases of entire nucleus drop or dense fragments, the issue needs to be addressed adequately.
The surgical approach for management of intravitreal lens material during cataract surgery has evolved significantly as Verhoeff (1942) suggested irrigation of vitreous with normal saline solution to retrieve the lens. R€ over (1997) first reported the use of a special ultrasound tip for the phacoemulsification in the vitreous cavity. Phacofragmatome helps to emulsify the nucleus in the vitreous cavity itself but increases the risk of retinal tear and retinal detachment (Barthelmes et al. 2012) . Illuminated endochopper has also been used for facilitating nucleus emulsification in the vitreous cavity (Erakun et al. 2005) . Alternatively, perflurocarbon liquids can be injected after vitrectomy to raise the lens or lenticular fragments off the retina (Shapiro et al. 1991; Wong et al. 1997; Bessant et al. 1998) . Posteriorassisted levitation has been described as a technique for lifting a partially descended nucleus after posterior capsule rupture, but is not recommended if a dropped nucleus has reached the retina (Chang & Packard 2003) . Haymet initially demonstrated the technique of levitating a dislocated hypermature lens from the posterior vitreous (Haymet 1990) , and Agarwal developed the Favit technique before and the SPAL technique later (Agarwal & Siraj 2002; Agarwal 2006; Agarwal et al. 2014) .
Nitinol is a biocompatible, nonferromagnetic metal alloy, which is widely used in many medical fields, and nitinol baskets have been used very long in other specialties to remove kidneys and salivary glands stones with very high success and no trauma (Katz 1991; Nahlieli 2005; Kesler et al. 2008) . Furthermore, the biocompatibility of the nitinol has been studied and well defined by previous studies (Shabalovskaya 2002; Olson et al. 2012; Schacher & Leng 2015) .
The purpose of this study was to evaluate the usefulness of different types of nitinol baskets to capture, lift and hold the dropped lens material as an adjunctive surgical tool, eliminating the need for perfluorocarbonate (PFCL) and phacofragmatome, and to evaluate the outcomes and complication of this new surgical technique in a small series of patient.
Patients and Methods
Patients who underwent PPV for retained lens fragments operated during December 2014 and March 2015 at the Academic Medical Center (AMC) of the University of Amsterdam were included in this study. The principles of the Declaration of Helsinki and good clinical practice guidelines were followed. The Institutional Review Board (IRB) at the University of Amsterdam declared that this type of retrospective study waived the need for IRB approval, in accordance with Dutch law on human clinical trials.
Preoperative (pre-op) and postoperative (post-op) data including best corrected visual acuity in Snellen at 6 months follow-up visit, intra-and postoperative complications were recorded.
In all patients, the amount of dislocated nuclear material was graded by the same operating surgeon (MM) dividing the lens in quarters as follows: 1/4, 2/4, 3/4 and 4/4 for the whole nucleus.
The PPV was performed using different gauge and types of nitinol stone extractors (NSE). Three different stone extractors [respectively: Cook Medical N-Compass, kidney stone extractor-1.7 French (NSE1); Cook Medical N-Circle, four wire tipless salivary stone extractor-1.5 French (NSE2) (Bloomington, USA); Endosmart, Blue Edition four wire tipless salivary stone extractor-1.3 French (NSE3) (Stutensee, Germany)] were used for the above-mentioned purpose. The nitinol baskets used had different design but all of them have atraumatic tipless distal end, and they can be folded inside the guide catheter using a sliding tab on the distal end of the catheter to allow introduction through the smallgauge trocar cannulas. Once open inside the vitreous cavity, the baskets have different transversal diameters: 1 cm for the NSE1 and NSE2 and 1.2 cm for the NSE3. NSE2 and NSE3 had a four wires open design (respectively Figs 1 and 2) and NSE1 had a four wires design with distal net (Fig. 3 ).
Surgical Technique
All the patients were operated under local anaesthesia. A BIOM viewing system (Oculus, Wetzlar, Germany) was used for posterior visualization. All eyes underwent a core and a peripheral vitrectomy with triamcinolone vitreous staining. In all cases, a posterior vitreous detachment was induced with the vitrectomy probe in cutting mode off and a suction rate of 650 mmHg. After removing the vitreous, the dropped lens material was approached in the following way. First, the NSE were introduced via the superotemporal trocar cannula into the vitreous cavity with the basket retracted in the guide catheter; then, the dropped crystalline lens was engaged and guided into the nitinol basket with the help of the light pipe or the vitrectomy probe, in cases where an additional chandelier light was used. After loading the lens in the NSE, the basket was slightly retracted, by the assistant using the sliding tab on the distal part of the guide catheter to firmly hold the lens, and it was brought behind the iris plane and held in position At this point, the lens material was removed using a phacoultrasonic probe via a 2.2 mm corneal incision. Only in one case, instead of the phacoultrasonic probe, a phacofragmatome had been used (see Video Clip S1, which demonstrates the surgical technique). As a result, no surgical adjuvants such as perfluorocarbon liquids were used to reduce the risk of damage of retinal tissue. In all cases, at the end of the PPV procedure, the peripheral retina was thoroughly examined for any iatrogenic retinal breaks. Afterwards, if a new intraocular lens (IOL) had not been previously implanted, IOL implantation was performed. The position and model of the IOL varied according to residual capsular support.
All the patients received air tamponade except the patient with total retinal detachment that received silicone oil 1300 cs tamponade (Bausch & Lomb, Rochester, NY, USA).
Results
Seven eyes of seven patients (three males and four females) with a follow-up of 6 months were included in this study. Patients' characteristics including pre-and postoperative data are summarized in Table 1 .
The mean patients age was 65.3 years (range: 45-79). Six patients had dropped nucleus during phacoemulsification procedure, and one patient had total retinal detachment and spontaneous luxation of the crystalline lens due to Marfan's syndrome.
Two patients were operated using 23-gauge, three patients 25-gauge and two patients 27-gauge Constellation PPV system (Alcon, Fort Worth, TX, USA). NSE1 was used in association with 23-gauge trocars, NSE2 and three were used in association with 25-gauge trocars. In the two patients operated with 27 gauge, the superotemporal trocar was exchanged with a 25-gauge trocar cannula to allow basket access. No complications were encountered due to the use of the NSE intraocularly. No retinal breaks were observed due to traction of the catheter at the site of insertion or due to his movement in and out the vitreous cavity. One patient developed postoperative cystoid macular oedema (CME) and was treated with topical nepafenac 0.1% ophthalmic suspension with complete resolution of the intraretinal fluid.
The mean NSE-aided phacoemulsification time was 2 min and 53 seconds (range: 2.05-5.20 min), and the mean total surgical time was 24.26 min (range: 19-25 min).
Two patients had " of the lens dropped, three had ¾ on the lens dropped and two patients had full lens. Also, full intact cataractous lens was easily engaged and removed with the help of the basket. Six of the seven patients had IOL implantation in the ciliary sulcus prior vitrectomy. In the patient with retinal detachment, the IOL was implanted after silicone oil removal 3 months later. Conversion to a larger 20-gauge scleral incision with pars plana lensectomy (PPL) was not necessary in any of our patients. No cases of hypotony or retinal detachment were recorded.
Discussion
Pars plana lensectomy (PPL) in sutureless era has been challenging due to the inherent small calibre of the instrumentation. Several authors proposed smallgauge sutureless vitrectomy for removal of lens fragment with mixed results (Baker et al. 2011; Agarwal et al. 2014; Watanabe et al. 2014 Watanabe et al. , 2016 Scupola et al. 2015) . 23, 25 and 27 gauge has been proven to be effective in removal of soft cortical lens material and small soft to medium hardness nuclear fragments from the vitreous cavity. Standard 20-gauge vitrectomy technique with the use of a 20-gauge fragmatome is still so far the gold standard for the removal of large nuclei and/or hard lens material. However, the use of a larger port without the use of a cannulated system may give rise to higher chance of iatrogenic retinal breaks, vitreous haemorrhage and vitreous incarceration with consequent postoperative new retinal breaks formation and retinal detachment (Rizzo et al. 2010; Mura et al. 2015) . Kim et al. (2014) compared two groups of patients, in which a 23-gauge fragmatome needle was tested with and without a 20-gauge trocar cannula to remove dropped lens material. In the group where the cannula was used, all except one patient did not need sclerotomy suturing, whereas everybody in the non cannula group had a suture placed to close the sclerotomy. With this technique, it was possible to achieve sutureless fragmentation of the lens, but there were issues regarding the safety due to the reported a breakage of the metallic 23-gauge tip intraocularly as a result of the vibration of the tip itself against the metallic trocar cannula shaft. Also, the possibility of micrometallic fragments release from the tip or the cannula cannot be excluded when high-frequency vibrating metallic parts touch each other. Other techniques have been proposed to try to minimize the use of 20-gauge frag and reduce the intra-and postoperative complication rate (R€ over 1997; Barthelmes et al. 2012; Erakun et al. 2005; Shapiro et al. 1991; Wong et al. 1997; Bessant et al. 1998; Chang & Packard 2003; Haymet 1990; Agarwal 2006; Agarwal & Siraj 2002) . Perfluorocarbon levitation of the nucleus in the retro-pupillary space with mono or bimanual technique allows removal of the nucleus via small corneal incision using phacoprobe. This avoids to enlarge one of the sclerotomies to 20 gauge and the use of the fragmatome via pars plana. The disadvantages of the technique consist in the relative instability of the lens positioning in the pupillary opening. The PFCL has a convex surface that makes the lens to slide on the side of the bubble making the removal challenging especially in patients with small pupils. In those cases, iris retractors may be necessary with consequent extra surgical manipulation and chance of higher surgical complications and post-op inflammation. Also, the sliding on the nucleus to the edges of the PFCL bubble and the turbulence generated with aspiration can exert traction on vitreous base and create potential retinal breaks. Breaks could also be formed if vitreous would inadvertently go into the phacoprobe port during lens emulsification.
The use of a nitinol cage has the advantage to keep the lens material separated from any residual vitreous fibre and stabilize perfectly the nucleus in the desired position for the phacoemulsification via corneal incision. No turbulence of the nuclear material is possible with the device, and this prevents accidental traction on the vitreous base. Also, the use of adjuvant such has perfluorocarbon is not necessary with reduction in the surgical manoeuvres and lower chance of complications inherent to the extra surgical step such as retained bubbles.
With the 23-gauge design with distal multiwire portion, we noticed less dispersion of small lens particle material generated during emulsification process compared to the four isolated wire design. All the three types of NSE allowed accommodation of large pieces of crystalline lens up to the full lens such as in the case of total lens dislocation in the Marfan case.
In conclusion, the use of the nitinol lens cage seemed feasible and showed no complications in our group of patients. It made easier the management of dropped nucleus without the need for a larger scleral opening also in case of very hard lens.
Despite the limitation of our study, such as a relatively small series and a short follow-up, the use of a retrieval nitinol basket may fulfil an unmet need in modern sutureless ophthalmic surgery. e437
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